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PHOTOSYNTHESIS  AND  THE  PROBLEM  OF  FOOD  RESOURCES 
- A. A.  Nichiporovich,  Doctor  of  Biological  Sciences 

The  material  base. Jfor  technological  progressj  ual fare,  and  the  very  exist¬ 
ence  of  people  is  associated  uiith  problems  of  obtaining  food,  energy,  and  indus¬ 
trial  materials.  Man's  energy  and  materiel  requirements  can  be  satisfied  in 
various  ways  and  from  various  sources.  But  nuthing  can  replace  photosynthesis 
of  plants  as  a  source  of  man's  food,  which  he  obtains  either  directly  from  the 
.  plants  themselves  or  thorugh  animals,  or  even  with  the  participation  of  micro¬ 
organisms.  In  the  end,  both  the  food  supply  for  the  population  of  our  planet 
ano  the  level  of  the  world  population  depend  and  will  depend  on  the  volume  of 
photosynthetlc  activity  of  plants  and  on  the  degree  man  uses  this  activity  for 
food  purposes. 

The  dependence  of  man  and  of  ell  life  on  the  earth  in  general,  on  the  pho- 
tosynthetic  activity  of  plants  ie  so  cardinal  that  vBBt  interest  has  long  since 
been  evoked  by  problems  as  to  how  great  is  its  volume,  whet  are  the  means  and 
possibilities  for  bast  utilizing  it,  what  are  the  proBpecta  for  increasing  its 
scalB  and  rBsulta,  and,  in  connection  with  this,  what  1b  the  possibility  of  pro¬ 
viding  people  with  a  suitable  supply. 

Interest  In  these  praulems  should  Increase  especially  now  in  uur  country, 
when  thH  Communlat  Party  of  the  Soviet  Union  has  embarked  on  a  new  Program  which 
calls  for  grandiose  measures  to  maBter  nature  with  ail  our  efforts  and  resources 
since  thiB  is  une  of  the  must  important  cundlti.  ns  for  the  construction  and  ex¬ 
istence  of  a  communist  society. 

All  of  the  world's  plants  annually  produce  up  to  3tiQ  biliiun  torts  of  dry  bio 
mass,  this  is  almost  AGU  times  greater  than  is  needed  to  supply  fully  the  pre¬ 
sent  population  of  our  planet.  However,  mankind  annualy  obtains  about  7UU  mil¬ 
lion  tons  of  food  products  as  baBBd  on  dry  biomass,  i.n.,  less  tnsn  lie  needed 
for  complete  satisfaction  of  food  requirements  tobcut  1  billion  terns). 

Taole  1  snows  the  dots  on  the  total  phatcsynthstic  production  of  plants  In 
various  habitBts  (converted  to  dry  plsnt  biomass)  and  the  degree  of  utilization 
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as  food  for  people.*  As  we  see  from  the  Table,  moat  photasynthetlc  products 
<367  billion  tons  out  of  378  billion)  are  produced  by  the  vegetation  of  sea* 
oceans,  forests,  maadouis,  and  steppes.  But  the  utilization  factors  of  this  pro¬ 
duction  by  man  for  food  purposes  are  not  vary  great,  and  in  the  end  thB  over¬ 
whelming  portion  of  the  food  resources  (660  million  tons  out  of  700  million) 
are  produced  by  facially  cultivated  food  and  fodder  plantB.  Therefore,  the  main 
tBSk  in  solving  the  problem  of  food  resources  must  include  an  ell-possible  in¬ 
crease  in  the  photosynthetic  production  Df  cultivated  food  and  fodder  plants, 
which  can  ba  achieved  by  expanding  the  areas  under  cultivation  and  by  4  icreaslng 
their  yield. 

By  means  of  a  possible  shortening  of  crop  rotations,  reduction  In  the  Bow¬ 
ing  of  plants  used  in  Industry,  and  by  developing  new  territories,  the  area  un¬ 
der  cultivation  con  be  brought  up  to  about  5  billion  hectares,  which  will  com¬ 
prise  auout  30%  of  the  land  area  (without  thB  Antarctic  and  Greenland)  and  this 

a 

must  be  considered  as^very  large  figure,  Bince  for  this  purpose  extensive  and 
complex  reclamation  is  required  in  a  number  of  cases,  (borne  authors  consider  it 
possible  to  increase  the  area  under  cultivation  of  agricultural  plants  to  7  bil¬ 
lion  hectares. ) 

As  for  increasing  the  yield  of  food  and  fodder  plants,  which  presently  is 
not  high  on  the  average,  we  can  actually  count  on  doubling  it  by  an  efficient 
and  unswerving  utilization  of  presently  known  modern  methods  and  farming  prac¬ 
tices  (the  use  of  fertilizers,  irrigation,  a  careful  combat  against  weeds  and 
destructive  insects  and  diseases,  the  selection  of  high-yielding  plant  varieties, 
etc.).  In  other  words,  biological  yields  which  now  have  an  average  value  of  U  t 
of  dry  biomass  per  hectare  (see  Fig.  1)  can  be  increased  to  a  t/ha  on  the  average 
which  corresponds  to  economic  yields  of  30-45  centnere/ha  of  grain,  350-ADO 


*rhe  Table  is  compiled  an  the  beBis  of  the  date  of  e  number  of  authors  which 
do  not  always  agree,  therefore  the  estimate  shown  for  the  pnotosynthetlc  produc¬ 
tion  uf  the  umrld'b  vegetation  shu. old  be  considered  os  subject  to  some  refinement 
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Table  1 


Plant  habitat 

Area 

billior 

Annual  prod, 
of  phot osynt. 

Used  as  food 

direct. or  through  animals 

hectare 

* 

t/ha 

total 

mill. 

tons 

%  of  total 

Seas  St  oceans 
Forests 

Arable  lands 
Meadows, steppes 
Deserts 

3G,i 

4,4 

3.7 

3,1 

4.7 

0 

3 

/ 

0 

0,01 

325 

55 

11 

5 

0,05 

3? 

GG0 

*> 

u 

0,01 

0,02 

f> 

0,03 

Total 

51,0 

■1 

37S.5  |  701 

ccntner/ha  centner/ha 


Fig.  I.  Relation  between  biological 

(total  dry  biomeso)  and  economic 
yea Ida  of  varloua  agricultural  plants. 
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centners/hei  of  potatoes,  4Q0-5QU  centners/ha  of  sugar  beats,  etc.*  and  to  Har¬ 
vest  annually,  therefore,  about  30-40  billion  tons  of  total  photosynthetic  pro¬ 
ducts  from  5  billion  hectares.  A  considerable  gain  can  be  made  by  improving 
the  system  for  utilizing  the  biomass  of  the  plants  in  order  to  obtain  maximum 
food  products,  so  that  their  yield  factor  is  raised  from  the  present  6%  to 
12-15%. 

Ultimately  we  can  expect  an  annual  production  of  4-5-6  billion  tons  of  net 
food  products  by  developing  the  usual  methods  now  being  usBd  to  some  extent  and 
which  should  be  accelerated  In  the  future.  In  addition,  we  can  probauly  expect 
a  twc-to  threefold  increase  in  food  production  by  using  the  results  of  the  pho- 
toeynthetic  activity  of  aquatic  flora. 

In  all,  such  an  amount  of  food  can  provide  a  maximum  supply  to  a  papulation 
of  auuut  10-12  uill iuii  people,  i.e.,  three  to  four  times  more  than  the  present 
population.  But  a  successful  achievement  of  this  goal  Is  not  an  easy  task  and, 
moreover,  more  efficient  means  than  our  usual  methods  of  modern  agriculture  are 
needed  for  the  future  solution  of  the  problem  of  food  resources. 

In  connection  with  what  has  been  stated,  the  first  question  to  arise  is 
whether  or  nut  wb  cun  assume  that  in  thB  future,  not  only  natural  photosynthesis, 
but  also  artificial  chemical  aynthesls  or  artificial  photosynthesis  will  be  thB 
supplier  of  food  products  for  man. 

In  our  opinion,  there  are  no  grounds  to  think  that  for  the  mass  production 
of  thH  most  common  products,  artificial  photosynthesis  as  a  food  source  will  have 
any  advantages  over  natural  photosynthesis:  the  9sme  Bolur  energy  is  needed  far 
it  Uut  prouauly  complex  systems  of  trapping  it  and  converting  it  would  be  re¬ 
quired,  and  this  would  have  to  be  donB  on  Immense  areas.  The  ubb  of  artificial 
synthesis  and  biosynthesis  will  apparently  be  advantageous  only  for  the  produc- 


•Sbb:  a. A,  Nichiporovich,  Photosynthesis  and  b  Theory  for  the  production  of  High 

Yields,  "15th  Umiryazev  Lecture",  Moscow,  Izdatel'stvo  AN  5SSR,  1956;  A. A. 

Nichiporovich,  L.Yu.  Strogancv,  ii.N.  Chmora,  H.P.  vIbbov,  HhotosyntriBtic  Activity 
of  Crop  Plsnts,  Moscow,  Izdatel'stvo  AN  5S5R,  1961. 


Fig.  2.  Absorption  of  photoBynthetically 
active  radiation  by  agricultural  crops 
vs.  leaf  area 


tion  of  same  individual  food  components  (a.g.,  individual  amino  acids,  vitamins, 
fats,  etc.)  uhosa  required  amounts  are  relatively  small. 

Therefore,  the  problem  of  food  resources  in  the  future  must  be  solved  main¬ 
ly  or  almost  wholly  by  natural  photosynthesis  of  plants,  and  we  must  bear  in 
mind  that  the  productivity  of  the  must  promising  food  and  fodder  crop  plants 
must  be  increased  ss  much  as  possible. 

In  order  to  estimate  the  prospects  for  increasing  food  production  in  the 
future,  we  will  first  explain  theoretically  the  potential  photosynthetic  produc¬ 
tion  of  plants,  starting  from  the  quantity  of  the  photosynthetlcally  active  por¬ 
tion  of  solar  radiation  that  impinges  on  territories  that  can  be  unoar  cultiva¬ 
tion,  and  then  we  will  examine  the  factors  limiting  the  photosynthetic  activity 
of  plants  and  the  passible  ways  to  overcome  and  eliminate  their  influence.  LJa 
will  start  from  the  fact  that  farming,  as  indicated  above,  will  be  carried  out 
on  an  area  of  b  billion  hectares,  of  wMch  (proportional  to  the  total  land  area) 
2.1  billion  hectares  can  be  in  the  tropical  zone,  about  0.5  billion  hectares 
in  the  subtropical  part  of  the  N0rthern  Hemisphere  and  U.4  billion  hectares 
in  that  of  the  Southern  Hemisphere  and,  finally,  2  billion  hectares  in  the  tem¬ 
perate  and  near-polar  zone  of  the  Northern  Hemisphere. 

It  is  completely  understandable  that  to  calculate  the  theoretically  possible 

photosynthetic  productivity  of  plants,  we  Bhould  takB  the  indsxeB  of  structurally 

full  crops  and  plantations  which  can  absorb  much  energy  or  solar  radiation  and 

utilize  it  with  a  high  efficiency,  Ouch  cbh  be  crops  sno  biccoanoste  whose  leaf 

2 

area  reaches  AD-50, 000  m  /hB  at  the  period  of  maximum  development.  At  this  peri¬ 
od  such  crops  absorb  up  to  70-a0%  of  the  energy  of  the  photosynthetically  active 
portion  of  solur  radiation  falling  on  thBm,  and  an  average  of  bQ  or  even  60% 
during  the  entire  growing  season.* 

■See:  A. A.  Mchiporovich  and  S.N.  upmare,  Radiation  Regimes  of  Agricultural  Crops 
and  the  Problems  of  Their  IdBter  Supply  and  Drought-Resistance.  Collection: 
"Physiology  of  Plant  Reals  lanes" ,  Moscow,  IzdetBl'stvo  AN  S55R,  1^60;  M.A.  Nlchl- 
parovich,  L.Ve.  btraganava,  S.N.  Chmora,  and  M.P,  UIbbovb,  Photosynthetic  Activity 

of  Crop  Plants,  M0acow,  lzdatel 'stvQ,  AN  SSbR,  lybi. 
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Table  3 


Zones 

Tropical 

Subtropical 

Temperate 

Total 


’ossible  Energy  Transp'' 
irens  cf  ■  ■  — 

■uture 


trens  of(40%  of  evap.dur-,  for  all  pofleibL"crop 

_ J _  _ _  .  _  *1  “ 


Total  amount  of  water 
3C 


fctops  |rlng  Srowf-areas,  billion 

till  .  frill. kcalj/ing_-seasl0rl 


Fin.  3.  Amount  of  photosynthetically  active 
solar  radiant  energy  Calling  per  day  per  hectare 
of  the  earth's  surface  in  various  zones.  A)  line, 
below  which  radiation  la  inactive  due  to  low 
intensity;  B)  line,  bplow  which  radiation  is 
inactive  due  to  low  temperature^. 
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At  best  the  plants  can  utilize  absorbed  radiant  energy  for  photosynthesis 
with  a  consumption  of  8  quanta ,  i.e. ,  for  solar  light  in  an  amount  of  28%  or, 
subtracting  losses  from  respiration,  about  20%  of  that  absorbed.  -  - 

In  the  final  analysis,  keeping  in  mind  the  possible  80%  absorption  of  energy 
by  full-value  craps  and  the  20%  utilization  of  its  absorbed  portion  for  photo¬ 
synthesis,  uie  can  c  nsidBr  that  crop  plants  utilize  for  photosynthesis  and  for¬ 
mation  of  yields,  10%  of  the  photosynthetically  active  portion  of  the  solar  ra¬ 
diant  energy  that  falls  on  than  during  the  potential  period  of  active  growth. 

These  indexes  enable  us  to  calculate  the  theoretically  possible  photueyn- 
thetlc  efficiency  and  yield  of  plants  in  various  geographical  zones  having  dif¬ 
ferent  amounts  of  the  radiant  energy  during  the  growing  period. 

These  data  are  shown  in  Table  2,  where  the  average  amount  of  the  impinging, 
physiologically  active  solar  radiant  energy  •  .gji)  given  for  the  period  when  plonta 
can  grow  in  the  various  zones  owing  to  temperature  conditions  (see  also  Fig.  3); 
the  potential  photoeynthetic  productivity  of  cultivated  plants  was  calculated 
Oy  starting  from  a  1U%  utilization  of  this  energy  during  the  entire  period  Df 
possible  growth,  whBrein  it  was  assumed  that  the  average  heats  of  combustion  of 
the  biomass  produced  by  the  plants  ore  equal  to  <*□□□  kcsl/kg^  or  U  •  10  keal/ton. 

This  calculation  gives  us  an  ides  of  thB  possible,  in  principle,  enormous 
seasonal  yields  of  agricultural  food  and  fodder  plants  both  on  a  single  hectare 
(biological  yields  of  from  67  to  250  t/ha)  and  on  all  possible  crop  and  plan¬ 
tation  areas  which  exceed  by  several  tans  of  times  the  present  production 
of  11  billion  tons  from  cultivated  plants. 

This  is  Bn  ideal  fur  which  we  can  and  must  strive.  However,  the  question 
Justifiably  arises  bb  to  what  extent  is  the  achievement  of  such  indexes  feasible. 
The  fact  is  that  they  depend  not  only  on  thB  presence  of  various  amounts  of  light 
energy,  but  also  on  many  other  concammitant  factors:  thB  thermal  conditiona, 
the  water  supply  for  the  plants,  mineral  supplios,  the  concentration  of  carbon 


•Seo:  h.Ya,  nondrat'yev,  Mediant  energy  of  the  Sun,  Leningrad,  uioromstsoizdat, 

iy5L. 
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dioxide,  oxygen,  etc. 

Actually,  the  intensity  and  over-all  resultant  effects  of  the  earth's 
carbon  cycle,  uhose  driving  force  is  photosynthesis,  are  determined  first  of  all 
by  the  quantities  of  solar  radiant  energy.  This  is  the  main  factor  causing  and 
finally  limiting  thB  highest  possible  photosynthetic  production  of  plants.  How¬ 
ever,  the  carbon  cycle  is  most  intimately  associated  with  the  cycles  of  nitro¬ 
gen,  mineral  nutrition,  and  water  and  it  is  precisely  these  and  the  Barth's  ther¬ 
mal  conditions  th-t  can  Oe  and  indeed  are  the  factors  determining  and  limiting 
its  intensity,  for  instance,  ue  see  from  the  data  of  fig.  3  the  limiting  effect 
on  the  potential  photosynthetic  productivity  of  plants,  of  the  thermal  factor 
and  the  factor  of  the  seasonal  and  latitudinal  inequality  of  the  distribution 
of  solar  radiant  energy  over  the  earth's  surface. 

A  certain,  although  not  especially  $iprBCiable  portion  of  the  Bun's  radiant 
energy  cannot  be  considered  aa  photosynthetically  active,  since  Its  total  day¬ 
time  quantities  prove  to  be  less  than  that  required  for  normal  plant  growth. 

In  Fig.  3  this  corresponds  to  the  portions  of  the  curves  located  below  line  A. 

In  addition,  a  portion  of  the  light  energy  actually  proves  to  bB  inactive  or 
slightly  active  because  it  reaches  the  Barth  at  periods  when  thB  temperatures 
are  too  low  far  life  activity  and  growth  of  thB  plants.  This  portion  of  the  light 
energy  is  located  below  line  B,  and  therefore  only  the  energy  corresponding  to 
parts  of  the  curves  located  above  the  line  is  actually  active  ( these  are  the  in¬ 
dexes  that  were  taken  for  the  calculations  Bhown  above,  in  Table  2).  If  this 
active  energy,  as  we  already  said,  were  to  be  used  for  photosynthesis  in  accor¬ 
dance  with  the  theoretical  possibilities,  then  mankind  would  be  able  to  produce 
a  colossal  production  from  the  photonynthotic  activity  of  plants.  (Jur  problem 
is  to  find  the  causes  for  the  disagreement  between  the  theoreticol  possibilities 
end  the  actual  situation,  and  to  find  ways  to  eliminate  these  causes. 

First  of  all  it  is  necessary  to  note  that,  quitB  frequently  our  crops  snd 
plantations,  because  of  poor  farming  techniques,  shortages  of  nutrition  Bnd  mois¬ 
ture,  do  not  have  the  optimal  structure  which  can  ensure  high  coefficients  of 
their  absorption  of  solar  radiant  Bnaray. 


- The  jiata  in  fig.  2  permit  us  to  consider  (and  this  is  confirmed  by  a  direct 

calculation)  that  on  the  average,  crops  whose  leaf  area  at  the  maximum  period 
reaches  4Q«5Q,OOQ  m  /ha  absorb  50%  of- the  energy.  But  sometimes  the  leaf  area 
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in  the  crops  is  only  8-10-15,000  m  /ha.  ‘heee  crops  absorb  only  2Q-30'>,  of  the 
energy  of  solar  radiation  during  the  grouting  season,  in  othnr  words,  only  1/5 
to  1/3  of  the  energy  which  ciropB  with  maximum  structure  can  absorb.  It  is  eaay 
to  imagine  what  enormous  amounts  of  radiant  energy  we  lose  irretrievably:  the 
Bneryy  not  absorbed  by  the  plants  due  to  scantiness  of  the  crops  is  converted 
to  heat  and  dispersed  into  space.  At  ia  also  easy  to  understand  what  vast  re¬ 
serves  can  be  mobilized  for  increasing  the  pnatosynthetic  productivity  of  plentB 
if  ell  craps  will  have  an  optimal  structure,  which  is  not  at  all  unusual,  but 
characteristic  for  many  present  crops. 

No  smaller  are  the  avoidable  losses  arising  because  the  biological  charac¬ 
teristics  of  the  growth  and  development  of  many  of  our  plants,  especially  those 
developed  under  same  conditions  and  then  transplanted  to  others,  do  not  cor¬ 
respond  to  the  variations  of  meteorological  factors  and  conditions  of  a  given 
region.  This  can  be  illustrated  by  the  example  of  the  development  of  wheat  and 
corn  in  the  Mugcau  area  in  I960  Case  Fig,  U ) .  unrn  1b  sown  here  in  June  because 
of  the  thermal  conditions,  during  the  period  of  the  longest  dayB  with  the  bast 
light  conditions  (Juns  to  the  first  hBlf  of  July),  the  plants  (curve  1)  only  have 
two  or  three  leaves  each,  Bnd  a  negligible  amount  (5-1QX)  of  thB  solar  radiant 
energy  falling  un  the  crop  Brea  is  absorbed  while  most  of  it  passes  into  the 
soil,  '"hen  the  IbbF  area  reaches  the  maximum,  the  light  conditions  deteriorate 
cunsidarabiy  (curve  c)  and  the  photosynthetic  efficiency  of  the  corn  drops  abrupt 
ly  (curve  t) .  At  the  same  time,  wheat  (curve  3)  utilizes  thB  first  part  oF 
the  growing  season,  but  ends  growth  before  the  light  and  thermal  conditions 
Uecume  insufficient  for  active  growth.  Consequently,  the  potentially  active 
light  energy  i9  vury  often  used  for  photosynthesis  extremely  inefficiently,  in¬ 
completely,  and  Is  made  useless  by  thB  incompatiDility  uf  the  rhythms  of  its 
variations  and  the  life  activity  of  the  plants. 
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»ig.  4.  Growth  of  leaf  area  (1000  m^/ha)  in 
corn  and  wheat  crops  and  the  photosynthetic 
productivity  under  various  conditions  (g/m^  per  day). 
1)  Corn  with  irrigation;  2)  corn  without  irrigation; 
3)  wheat;  4)  photoaynthetlc  productivity  of  corn 
witli  irrigation. 
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1  his  can  oe  eliminated  to  a  considerable  extent  by  a  high  specialization 
of  agriculture  and  by  the  careful  selection  for  various  zones  of  species  and 
varieties  of  plants  whose  biological  rhythms  best  correspond  to  the  changes  of 
the  light  and  thermal  conditions. 

Frequently,  and  to  a  severe  extent,  the  potentially  active  light  energy 
is  made  worthless  by  the  Inadequate  end,  in  e  number  of  cases,  very  harsh  mois¬ 
ture  condition:  this  is  easily  shown  by  the  example  of  the  desert  belt  (Sahara, 
Arabian  and  Central  Asia  deserts,  Gobi)  located  between  20°  and  40°  N,  where 
there  are  enormous  streams  of  light  energy,  but  practically  no  moisture. 

Moisture  is  needed  for  the  normal  life  activity  of  plants  and  to  defray 
the  transpiration  losses  which  are  organically  related  with  photosynthesis  in 
that  they  have  the  same  energetic  base:  the  parameters  of  Doth  processes  are  de¬ 
termined  by  the  amount  of  energy  absorbed  by  the  plantB  and  crops  and  by  its 
allotment  for  photosynthesis  (usually  5-1094,  in  the  best  caat»B  20%  of  the  absorbed 
anergy)  Bnd  for  conversion  to  heat  energy  (the  remaining  35-90%  or  In  the  bast 
cases  80%  of  the  absorbed  energy). 

In  luxuriant  cropB  which  have  no  lack  of  watBr,  the  moistuiB  Bupply  should 
be  such  that  all  thut  i9  not  used  for  photosynthBBia  or  converted  to  heat  energy 
Is  eliminated  from  leaves  Uy  tranaplrBtlun .  The  potential  transpiration  in  these 
cbbbb  1 s  determined  by  dividing  the  indexes  characterizing  the  amoont  of  energy 
by  the  energy  indexes  of  the  latent  heat  of  water  evaporation.  If  these  figures 
are  increased  by  3U-5Q%  in  the  appropriate  zones  (keeping  in  mind  the  unavoida¬ 
ble  evaporation  from  the  soil  surfsce  and  run-off),  then  wo  can  Form  an  idea  about 
the  amounts  of  moisture  which  are  needed  in  different  geographic  zoneu  for  thB 
maximum  use  of  the  Bnergy  falling  here  for  photosynthesis  and  for  producing  high 
yields,  due h  figures  are  shown  in  Table  3, 

fcvaluating  the  data  of  the  TboIb,  wb  must  say  that  there  are  a  number  of 
territories  and  zon.  a  on  the  earth  where  the  total  precipitation  is  sufficient 
for  producing  Urn  thwuifiticnlly  posaiuie  yields  (the  humid  tropics,  a  number  of 
zonus  in  the  temperate  belt),  but  at  the  same  time  there  are  Bnormoua  territories 
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Total  active  Table  2 


ZONES 

Potential 
crop  area 
billion  , 
hectares 

ssaiH: 

of  solar* Potential  annual  plant 
a»r  ^  ! productivity  (total  dry  biomess) 

ilJLiloX 

tcal/ha 

por  sue  in 
irea.kcal 

\  t/ha 

For  entire  area, 
billion  tons 

Tropical 

2:V  S«  _  23“  N» 
Subtropical. 

23-ir  N. 

23—13“  g. 

Tolerate  Senear  tra 

2,1 

0,0  1 

0,4  I 

18- 

0,2 

.  10,0 

7,0 

2,5 

2, 1  •  10i» 

0,-i .  I0's  1 
0,3. 10W  j 

0,5. 10w 

525 

103 

70 

135 

Total 
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which  to  b  lesser  or  greater  (and  sometimes  very  severe)  degree  ere  not  sup¬ 
plied  with  the  needed  amount  of  moisture.  If  here  we  do  not  use  artificial 
Irrigation,  we  can  expect  to  obtain  only  low  yields  in  comparison  with  the  theo¬ 
retically  possible,  and  the  solar  radiation  of  these  territories  is  to  soma  ex¬ 
tent,  and  sometimes  completely  (in  deserts)  wasted, 

3 

Every  year  about  500, □□□  billion  m  of  water  is  circulated  (evaporated  and 
falling  as  precipitation);  this  is  about  12-13  times  more  than  required  (3b, 500 
Ollilon  m"^)  for  optimal  growth  and  photosynthesis  of  possible  (in  thB  future) 
crops  of  food  and  fodder  plants  (on  an  area  of  5.1  billion  hectares).  The  sur¬ 
face  of  the  continents  receive  annually  as  precipitation  100  •  lQ^m"5  of  water, 
i.e.,  2.5  times  more  than  would  be  required  to  supnly  fully  5  billion  hectares 

in  i 

of  crops,  hut  approximately  a  third  of  this  WBtBr  (36  •  10  m)  1b  not  used  by 
plants  and  runs  off  into  the  seas  and  oceans,  and  the  remainder  is  distributed 
(very  unevenly)  on  an  area  three  times  larqBr  then  the  arna  of  proposed  future 
cultivation,  ^ansequently ,  the  areas  now  under  end  proposed  to  bB  under  culti¬ 
vation  are  provided  with  natural  precipitation  to  a  degree  fBr  less  than  le  needed 
fur  maximum  utilization  of  the  energy  of  solar  radiation  for  photosynthesis  and 
production  of  high  yields. 

Therefore,  one  of  the  moat  important  problems  is  to  ubb  thB  3b, DUG  billion  m"1 

12  3 

of  water  out  of  the  1QG  •  10  ip  of  water  that  annually  falls  on  the  continents 
to  supply  5  billion  hectares  of  future  agricultural  land;  this  can  be  done  by 
various  methods,  e.g.,  better  use  of  thu  precipitation,  moisture  storage  in  the 
fields,  irrigation,  etc,  ThB  solution  of  t"is  problem  beqins,  in  essence,  in 
our  country  now,  in  the  epoch  of  developing  the  material  and  technological  base 
uT  Communism.  It  sufiiciBB  to  recoil  that  the  new  Program  of  the  CP5S  provides 
Tor  extensive  works  un  Irrigation  construction ,  tf^Sp  "daring  plana  for  changing 
the  course  of  certain  northern  rivers",  which  presently  throw  away  fruitlessly 
enormous  amounts  of  water  into  the  Arctic  OcEan;  these  plans,  as  indicated  in 
t.hc  Program,  can  be  accomplished  by  boviet  man  durlriy  the  cuur&e  of  communist 
construction. 
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It  is  necessary  to  search  for  mays  ether  than  those  named  which  would  fas¬ 
ter  a  solution  to  the  problem  of  providing  water  to  enormuus  areaB  of  future 
crops. 

tor  example,  tha  following  method  is  possible  in  principle. 

The  water  now  in  annual  circulation  is  scattered  (although  extremsly  uneven¬ 
ly)  in  the  vastnesB  of  the  atmosphere,  hydrosphere,  and  on  the  earth's  Burface 
and  its  ef factiveness  as  a  factor  necessary  for  plant  life  is  very  reduced.  It 
could  be  conRirierndly  higher  if  only  a  Bmall  portion  of  this  water  were  separated 
from  the  large  general  circulation  into  an  isolated  volume  of  the  stmoapherB  and 
soil  and  were  to  be  circulated  in  its  own  particular  cycle,  first  evaporating, 
then  condensing,  thus  wetting  the  soil.  In  this  case,  with  circulation  of  rela¬ 
tively  small  amounts  of  water,  the  same  effect  of  the  life  activity  and  photo¬ 
synthesis  of  plants  cuuld  Lib  ensured  ae  that  which  we  determined  bb  the  optimal 
possible  affect.  HAgh  plant  yields  could  be  grown  un  a  water  supply  10  times 
smaller  than  that  which  present  open  crops  expend  for  evaporation,  that  is;  on 
a  constant  supply  of  5UQ-6QQ  m'Vha,  of  which  3D-bD  m3  would  bo  evaporated  annually, 
but  then  cundensed,  returned  to  the  bdII,  and  thuB  the  raguir>  d  mositure  regime 
would  be  maintained  in  the  soil  and  root  BubBtrate, 

It  iB  necessary  to  say  that  with  the  uauel  farming  methods  we  always  strive 
to  separate  a  number  of  factors  from  the  over-ell  large  circulation  of  subatanesa 
and  to  create  particular,  local  circulations.  This  refers,  for  example,  to  ni¬ 
trogen,  to  the  elements  of  mineral  nutrition.  One  of  the  difficulties  of  supply¬ 
ing  nitrogen  end  sab  elements  to  plants  in  crops  ami  plantations  1b  Lhut  these 
elements  are  rapidly  scattered  in  the  vastnesa  of  the  external  environment  by, 
first,  crop  eusoprtion  end,  Becund,  by  erosion  end  wBBhing  and,  in  the  end,  carry- 
off  to  the  seas  and  oceans.  In  order  to  overcome  this  wu  must  first  of  all  ubb 
mineral  fertilizers.  However,  the  greaust  effect  is  achieved  if  we  slmul tenuous¬ 
ly  take  measures  which  reduce  to  a  minimum  erosion  and  ncstt'.ring  of  the  elements. 
In  otner  words,  we  must  separate  the  particular,  lucui  circulations  from  the  over¬ 
all  large  circulation  of  substances  as  much  as  pos  lblo.  Such  measures  are  eccam- 
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plished  and  used  rather  widely:  this  is  a  return  to  the  fields  of  plant  nutrients 
in  the  form  of  manure,  feces,  ashes,  in  the  form  of  the  dry  residue  of  seuage; 
this  is  the  totality  of  measures  taken  to  combat  soil  erosion;  this  is  the  return 
of  nitrogen  to  the  soil  and  plants  by  fixation  of  atmospheric  nitrogen  by  nitro¬ 
gen-fixing  organisms  and  leguminous  plants,  by  green  algae. 

A  maximum  return  to  the  soil  of  river  waters  flowing  into  thB  oceans  could 
help  solve  thB  proolem.  These  waters,  carrying  with  them  vast  amounts  of  nutri¬ 
tive  substances,  aggravate  conditions  of  plant  photosynthesis  on  lBnd  where  its 
production  can  be  used  for  food  with  the  greatest  efficiency,  and  improve  condi¬ 
tions  for  photosynthesis  in  seas  and  oceans,  where  photosynthetlc  production  is 
nonetheless  great,  but  the  coefficients  of  its  possible  utilization  for  food  pur¬ 
poses  extremely  law. 

A  law  partial  pressure  of  carbon  dioxide  in  thB  atmosphere  and  a  high  par¬ 
tial  pressure  of  oxygen  are  an  important  factor  limiting  the  rate  and  extent  of 
thB  photosynthetlc  activity  of  plants.  This  factor  in  its  present  state  came 
into  existence  on  the  earth  during  the  course  of  historical  development.  Ae 
grann  plants  appeared  and  became  widely  distributed,  thB  Barth's  atmosphere  aa 

a  result  of  their  photosynthesis  became  rich  in  oxygen  and  poor  in  carbon  dioxide 

a 

At  the  preeent  time  on  earth,  as  much  CBrbon  dioxide  1b  formed  daily  BB^result 
of  Diolugic  and  ablalogic  oxidation  of  organic  materials  as  la  assimilated  by 
plants  during  photosynthesis.  However,  the  carbon  dioxide  formed  during  oxida¬ 
tion  of  the  organic  materials  is  dispersed  into  the  atmosphere  and  hydrosphere, 
and  ita  concentration  proves  to  Ob  very  low.  ThiB  la  an  unfavorable  factor  for 
photosynthesis ,  which  is  easily  proved  by  the  guod  responsiveness  of  photosynthe¬ 
sis  to  an  lncroaoe  In  the  carbon  Dioxide  concentration  in  the  air  around  the 
plants. 

In  agricultural  practice  and  in  this  caue,  thurn  are  methods  to  separata  s 
portion  of  the  carbon  f rom  the  over-all,  large  circulation,  to  prevent  its  ex¬ 
cessive  dlnnerslnn,  end  to  keep  it  in  local  cycles.  This  is  achieved  by  return¬ 
ing  organic  subgtances  to  the  fields  bb  manure,  feces,  and  composts,  or  by  using 
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carbon  dioxide  fertilizers  in  closed  or  even  opBn  ground.  - 

It  is  true  that  s  suitable  water  and  mineral  supply  to  plants  produces  very 
gaud  and  high  yields  at  the  present  level  of  atmospheric  carbon  dioxide.  However, 
if  it  were  possible  to  prevent  ita  dispersion  into  thH  vastness  of  the  atmosphere 
and  hydrosphere  and  to  concentrate  it  in  the  ground  air  layers  and  on  the  surface 
layers  of  water,  having  increased  its  concentration  by  several  times  (although 
only  to  0.1%),  then  it  wuuld  be  passible  to  increase  greatly  the  photoeynthetic 
productivity  of  plants,  to  intensify  carbon  circulation , and  as  a  result,  tD  draw 
into  the  biological  circulation  additional  supplies  of  carbon  from  carbonates, 
and  thus  increase  the  volume  of  life  on  our  planet.  This  is  difficult  and  vir¬ 
tually  impoasible  on  an  earth-wida  scale,  but  it  nan  be  accomplished  on  limited 
ureas. 

In  the  simplest  form  (return  of  carbon  to  the  Boil  asjprganic  fertilizers 
containing  mineral  nutrients,  the  use  of  sewage  water  fox  irrigation,  prevention 
of  run-off,  water  storage,  etc.)  such  circulations  are  widely  uBeri  and  should 
be  used  in  modern  ugrlculture  B9  the  most  important  method  to  increase  yields. 

But  in  thB  present  form  they  are  only  a  partial  solution  of  the  problem,  only 
half-measurae,  in  spite  of  exceptional  moisture,  wide  accessibility,  and  distri¬ 
bution. 

From  thB  fundamental  point  of  view,  the  moat  radical  solution  of  the  pro¬ 
blem  would  be  to  cruBts  absolutely  or  maximally  closed  systems  with  complete  or 
almost  complete  internal  circulation  of  substances. 

The  main  characteristics  of  such  systems  would  bo  a  transparent  cover  having 
maximum  heat  conductivity  and  the  cultivation  of  plants  in  a  boIHbbs  culture 
(hydroponics),  which  would  eliminate  the  need  to  return  the  organic  material  to 
the  soil  and  which  wuuld  make  possible  e  more  complete  utilization  of  the  pri¬ 
mary  Uiumas  .  of  the  plants  for  fodder  and  food  purposes. 

It  is  advantageous  to  hove  ao  the  components  of  closed  systems,  the  moat 
valuable  and  productive  agricultural  plants  and  also  e  mas“iv'j  cy! tivetlnn  nf 
unlcallulur  algae  (e.g.,  Lhlarella),  which  hgg  a  mxmusr  of  important  features: 
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during  the  entire  period  when  there  is  sufficient  light,  the  temperature  of  the  ^ 
suspension  can  be  maintained  at  the  optimal  leuel;  the  daily  liberation  of  the 
grouting  oiomaas  makes  it  possible  to  maintain  at  all  times  the  density  of  the 
suspension  at  a  level  favorable,  on  one  hand,  for  the  complete  absorption  of 
light  and  good  photosynthesiB  and,  on  the  other  hand,  for  a  sufficiently  vigorous 
division  and  multiplication  of  the  cells.  Owing  to  this,  the  algal  culture  cen 
be  morB  productive  than  the  cultivation  of  higher  soil  plants  with  their  rather 
long  period  for  the  appearance  and  growth  of  shoots,  for  development,  while 
they  have  a  small  totBl  leaf' area  and  absorb  only  a  small  part  of  the  solar 
radiant  energy  impinging  on  the  crop,  while  the  reBt  paasea  into  the  soil.  In 
addition,  Chlorella  by  liberating  much  oxygen  into  the  liquid  medium  as  a  result 
of  photosynthesis,  strongly  stimulates  oxidation  of  organic  sewage  materials  and 
can  promute  oxidation  of  human  and  animal  wastBB,  forming  in  place  of  these  uaetBB 
their  own  biomass  and  boosting  the  formation  of  the  bacterial  biomass  which  is 
aui table  far  animal  feed,  and  thus  drawing  human  and  animal  wBateB  into  the  closed 
carbon  cycle.  The  carbon  dioxide  being  formed  as  a  result  of  bacterial  activity 
could  be  uBad  for  photosynthesis  of  higher  plants  and  Chlorslla.  fhe  protein- 
rich  (up  to  per  dry  weight)  algal  biomass  can  aurve  as  food  for  invertebrate 
animals,  for  example,  crabs,  infusoria,  uihoaa  biomass  in  turn  can  be  a  good  feed 
for  domestic  birds  (ducks,  chickens),  and  also  for  fish.  Therefore,  the  combina¬ 
tion  of  higher  plants  and  an  algo  in  cloeBd  systems  is  expeditious  from  many 
points  of  view. 

Under  conditions  of  closed  Bystems,  with  a  suitable  selection  of  plants 
capable  of  producing  the  higheBt  yields  of  useful  food  or  rodder  biomass  after 
it  is  efficiently  processes,  the  coefficients  of  food  utilization  of  the  photo- 
Bynthetic  production  can  be  increased  to  vary  high  values,  probably  to  dU%,  in 
this  case  it  is  necessary  to  produce  about  1000  kg  of  primary  biomass  in  order 
to  supply  a  person  with  1  kg  of  food  per  day,  or  365  kg  per  year. 

In  the  auovB-deacribed  closed  ays  tern,  we  can  expect  to  obtain  yields  of  total 
dry  oiomaas  of  plants  of  50-60-100  t/ha  end  even  100-150  t/ha  In  southern  rogions 
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with  an  active  growing  season  of  25CI-30Q  days.  In  this  case,  food  for  man  can  _ 
be  provided  by  the  photasynthetic  production  of  plants  cultivated  on  200-15U  and 
even  100-50  m2. 

UJe  can  point  out  that  with  the  present  typB  and  level  of  agriculture,  food 
for  one  person  is  supplied,  on  the  average,  by  the  cultivation  of  food  and  fod¬ 
der  plants  on  an  area  of  one  hectare,  and  in  good  cases,  on  0.5  ha.  Closed  sys¬ 
tems  can  supply  a  parson  with  food  by  cultivating  the  plants  on  an  area  about 
i»0-50,  and  even  10U  times  smaller. 

These  systems  can  be  of  various  types,  can  include  different  combinations 
of  organisms,  and  have  a  different  degree  of  being  closed.  It  is  natural  that 
tha  problems  of  the  expedltiousnens  of  their  ubb  under  different  conditions  must 
be  solved  differently.  rrobably,  they  will  be  least  effective  in  zones  with  a 
hot,  humid  climate,  where  high  yields  can  be  obtained  without  them  with  a  suita¬ 
ble  farming  practice.  The  use  of  closed  systems  In  desert  zones  having  abundant 
light  but  a  dearth  of  water  is  the  moBt  suitable.  ThBir  value  in  northern  lati¬ 
tudes  goes  without  saying,  especially  close  to  industrial  enterprises  having  an 
abundance  of  waste  gases.  In  these  cases,  not  only  would  carbon  dioxide,  water- 
supply,  and  mineral  nutrient  conditions  be  created  that  are  suitable  for  plants, 
but  also  tha  limiting  effect  of  low  temperatures ,  which  is  severe  under  high- 
latitude  conditions,  would  be  eliminated. 

Of  course  tha  wide  application  Df  closed  systBmB  la  a  matter  not  of  the  near 
future.  At  first  they  seam  to  be  too  complex  and  expensive.  However,  It  is 
necessary  to  remember  the  colossal  waatefullness  of  present-day  agriculture  which 
abets  dispersion  of  very  valuable  nutrient  elements,  water,  carbon  and  the 
enormous  waste  of  solar  radiant  energy.  Closed  systems  can  almost  completely 
eliminate  these  looses.  * t  is  also  necessary  to  tske  into  account  that  under  cer¬ 
tain  cunditiuna  (for  example,  the  development  of  efficient  sourcaa  of  artificial 
light,  of  perfected  transparent  plastics},  they  will  be  used  widely  not  only  in 
territories  of  liQht-rich  deserts  ana  semideBerts,  but  also  in  eatensive  areas 
of  the  Bess  and  oceans,  in  subterraneBn  structures,  which  will  facilitate  nlr- 
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tightness  and  maintenance  of  the  ^required  thermal  conditions. 

Closed  systems — this  is  the  obvious  and  inevitable,  practically  limitless 
way  which  in  the  future  should  occupy  a  solid  position  in  the  complex  of  measures 
to  oe  taken  for  the  best  and  moat,  efficient  utilization  of  the  photosynthetic 
function  of  plants  for  the  production  of  food. 

If  in  the  regions  with  a  sufficient  amount  of  heat  and  moisture,  the  areas 
and  light  are  used  to  the  maximum  for  the  cultivation  of  the  most  valuable  food 
and  fodder  plants  during  the  entlrB  or  most  of  the  year, 

if  in  the  selection  of  the  varieties  and  types  of  plants  for  different  re- 
giunSj  the  highest  degree  of  specialization  is  reached  and  they  can  maximally  ab¬ 
sorb  light  energy  during  the  entire  growing  Besson  or  even  during  the  year,  with 
its  highest  efficiency  far  photosynthesis^ 

if  the  principle  of  the  creation  and  maintenance  of  local  cycles  of  nutrient 
elements,  nitrogen,  carbon,  and,  especially,  water  will  be  uaed  wldBly  and  com¬ 
pletely  in  conformity  with  the  amountB  of  impinging  solar  radiant  energy  and  with 
the  photosynthetic  potentialities  of  thB  plants^ 

if,  finally,  completely  closed  cultivation  systems  for  plants,  algaB,  and 
the  heterotraphic  organisms  accompanying  them  are  widely  used  in  the  future, 

then  we  can  expect  an  increase  in  the  photosynthBtic  production  of  food  and 
fodder  plants,  a  solution  to  thB  problem  of  fuod  resources  such  that  unlimited 
possibilities  for  ensuring  the  future  progress  of  mankind  will  be  created. 

Of  course  the  realization  of  thesi  potentialities  requires  great  efforts, 

But  msn  presently  has  at  his  disposal  such  knowledge  which,  if  it  is  not  criminally 
used  for  military  purposes,  will  open  vast  prospects  for  influencing  the  most  im¬ 
portant  procetaanLi  of  nature. 
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